The sequence homology of clindamycin resistance (Clnr) determinants was studied in 16 Clnr Bacteroides strains. The isolates were surveyed for plasmid content, homology with the Clnr determinant of pBFTM10, and ability to transfer Clnr. The Clnr DNA probes used in the Southern hybridizations were pBFTM1O and a plasmid derivative containing an EcoRI fragment of pBFTM1O cloned into Escherichia coli. A total of 13 of 16 Clnr strains also carried tetracycline resistance, and 15 of 16 Clnr Bacteroides isolates showed homology with the Clnr determinant of pBFTM1O. These data suggest that the previously characterized Clnr determinant of pBFTM1O is widely distributed in nature and may be found on either a plasmid or the chromosome. The Clnr Bacteroides fragilis strain which lacked homology with pBFTM1O also had different transfer properties; thus, more than one type of Clnr determinant may exist in Bacteroides spp.
Mich., as well as scattered reports of resistant isolates (1, 13) .
However, the potential for an increasing incidence of Clnr strains exists. This view is based on several studies demonstrating plasmid-mediated conjugal transfer of clindamycin-erythromycin resistance in Bacteroides spp. and the widespread use of these agents (11, 18, 24) .
There are two known Clnr transfer factors in Bacteroides spp.: pBF4 (pIP410), described by two groups (8, 25) , and pBFTM10, which has been described by our group (19) . Homology between the Clnr determinants of pBF4 and pBFTM10 has been recently established (14) . The present report examines the relatedness between 16 Clnr strains of Bacteroides and the Clnr determinant in pBFITM10.
MATERIALS AND METHODS Bacteioloy. The identification of Bacteroides isolates referred to our laboratory was confirmed by criteria (7) developed at the Virginia Polytechnic Institute and State University, Blacksburg. All identification tests, susceptibility studies, and transfer experiments were performed in an anaerobic chamber at 370C (18) . Strains of B. fragilis were classified according to a phage typing system developed in our laboratory (A. Sosa, M. H. Malamy, S. L. Gorbach, and F. P. Tally, unpublished data). Organisms were preserved in skim milk at -70°C. Bacteria were retrieved from frozen stocks and inoculated onto blood agar plates; single colonies were transferred to brain heart infusion broth-0.0005% hemin-0.5% yeast extract (BHIS) agar plates containing 10 j.g of clindamycin per ml for use in the experiments described below.
Media. BHIS was used for liquid culture. The solid medium used for susceptibility testing was BHIS with 1.5% agar and 5% defibrinated sheep blood. The B. fragilis minimal medium used to confirm transconjugants was prepared as previously described (18) . Antimicrobial susceptibility testing was performed by microtiter techniques adapted to the anaerobic chamber, using BHIS broth and an inoculum of approximately 106 CFU/ml as previously described (16 obtained by a Triton X-100 minilysis technique from 10-ml cultures as described previously (3) except for an incubation of the lysis mix at 65°C for 5 min. The DNA-containing supernatant was collected by centrifugation at 9,000 x g for 40 min. Plasmid DNA for nick translation was purified by harvesting the lower band in cesium chloride-ethidium bromide density gradient centrifugation of the cleared lysates (18) . DNA samples were analyzed by electrophoresis in vertical agarose slab gels as previously described (18) .
DNA homology studies. DNA hybridization studies were carried out by the technique of Southern (15) . DNA was prepared by the minilysis technique described above. DNA was transferred to nitrocellulose paper and probed with 32P-nick-translated DNA (12) .
The Cln' transfer factor pBFTM1O or the EcoRI-B fiagment of this plasmid cloned in Escherichia coli (9; M. H. Malamy, M. J. Shimell, and F. P. Tally, unpublished data) was used as a probe. The rationale for the use of these probes is discussed below.
Resistance transfer experiments and mating controls. The transferability of Clnr in the Bacteroides strains was tested by utilizing the filter mating technique (18) . The recipient strain was B. fragilis JC101, a plasmidfree auxotroph of strain TM4000 (see Table 1 ), which requires histidine and arginine for growth in minimal media. Strain JC101 is clindamycin susceptible (Cln'), tetracycline susceptible (Tets), rifampicin resistant (Rif'), and sensitive to phage FP (M. H. Malamy, G. R. Carson, and F. P. Tally, unpublished data). All strains used as donors were Cln' Tetr Rif. Transconjugants were selected on BHIS plates containing 10 ,ug of clindamycin and 50 ,ug of rifampicin per ml. JC101 transconjugants were verified by their lack of growth on minimal medium, growth on minimal medium containing histidine and arginine, and sensitivity to phage FP. For studies on the induction of transfer proficiency, donor cells were grown in a low concentration (1 .gu/ml) of tetracycline or clindamycin before the donor and recipient were combined on the filter. In all matings, a TMP1O x JC101 cross was included as a positive control (see Table 1 ).
RESULTS
Source of Clr bacterial isolates. The source and selected characteristics of 16 (Table 1) . These strains had clindamycin minimal inhibitory concentrations of 256 to 512 ,ug/ml. Three of these strains were Tetr, and three (TAL1877, TAL1912, and TAL1913) were Tet'. These B. fragilis isolates could be assigned to three different phage sensitivity groups.
DNA analysis. A DNA analysis of the 16 isolates revealed that 10 strains were apparently plasmid free, whereas 6 isolates contained two to three bands of plasmid DNA after agarose gel electrophoresis ( Table 1 ). The molecular sizes of the plasmids range from 2.8 to approximately 90 kilobases. The presence of very large plasmids (greater than 100 kilobases) in the "plasmidfree" strains cannot be ruled out at this time. These plasmids might not have been detected by the lysis technique used in this study.
Rationale for DNA homology studies. The Clnr transfer factor pBFTM10 is useful as a probe in hybridization studies. Preliminary studies in our laboratory with strain TAL2300 revealed that 32P-labeled pBFTM1O DNA has homology with the chromosome of this strain (17) . This probe was subsequently used to study clindamycin resistance in Clnr Bacteroides strains referred to our laboratory. Because of the low yields of DNA from B. fragilis and the low efficiency of incorporation of [ 2P]triphosphate into B. fragilis DNA, the three EcoRI fragments of pBFTM1O were ligated into the E. coli plasmid vector pMC1403 and grown in E. coli (2, 9; Malamy, Shimell and Tally, unpublished data). Thus, large amounts ofB. fragilis DNA could be harvested from E. coli. There was no homology between the vector pMC1403 and pBFTM1O (9) . The 4.4-kilobase EcoRI fragment of pBFTM10 (EcoRI-B) is thought to contain the Clnr determinant, based on the observation that loss of this segment of DNA results in a loss of clindamycin resistance (19) . In addition, only this fragment shows homology with the Clnr transfer factor pBF4 (14) . The plasmid containing this fragment cloned in E. coli, designated pMJS100, was used for subsequent DNA homology studies.
DNA homology. Two different sources of Clnr determinant DNA were used to test for the presence of related sequences in the Clnr Bacteroides isolates. Plasmid pBFTM1O was used initially as a probe, and homology was revealed in 11 of the 16 isolates tested. The five isolates failing to hybridize with pBFTM1O were then tested with 32P-labeled pMJS100. This DNA could be labeled to a higher specific activity by nick translation and was a more sensitive probe. Only strain TAL2450 failed to show homology with this probe; thus, 15 of 16 strains tested showed homology with pBFTM1O or the EcoRI fragment of this plasmid cloned in E. coli. Results with seven representative strains and two control strains are presented in Fig. 1 . Five of the seven strains (TAL1912, TAL2300, TAL2424, TAL2428, and TAL2480) show homology with sequences present in the chromosomal region. It should be pointed out that for these strains and strains discussed below, the "chromosomal region" may also contain plasmid DNA sequences in addition to chromosomal sequences. One strain, TAL1877 (Fig. 1 , lane 5), shows homology with the chromosomal region and, in addition, with a small plasmid; B. fragilis TAL2450 (lane 9) failed to show any homology. Seven additional strains (data not shown) had homology within the chromosomal region only (Table 1, strains TAL2268, TAL2417, TAL2423,  TAL2426, TAL2429, TAL1878, and TAL1913 VOL. 23, 1983 on September 6, 2017 by guest http://aac.asm.org/ Downloaded from
